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Redundgncy Screwns: TURBOPUMP SYSTEM - SENSOR SYSTEM UNLIKE REDUNDANCY

4 FPass - Redundant hardware itams ara capable of eherkout dunng nammal ground ternaround.
8 Pass - Lose of a iedundant hardwere lams is delaciatln during flight.
G. Pats - Loss of mdundanl hardware dems coukd nat result frem a singha cradlble nvent.

SSME FMEA/CIL
REDUNDANCY SCREEN
Lompanent Giaup: Fuel Turbepumps Frapared: D Early
CIL [tam: Bi00-10 Approvad: T. Nguyan
Component; Hizh Frassore Fuel Turbapump Approval Date: HNI
Far Number: REAGTENT Change ¥ 1
Failure Mode: Losa of impeller head Hee. Dirpcthve & CCEeD ME1-N1-5205
Page; 1af 1
Criticallly
Phase Faibre ¢ Effec] Descriplion Hazard Reference
3 Failire resls in educed I tbopomp apul and rolor anbalasce, Excessive furtine dischange temperalure wiH causa a fedine shubdawn 1R
4.1 Rlissicn sgrub f delected by regline. Loss of wahicle due ta HPETE lurbine Failure may regult If rot detecled. WE-OTS M
Redurcancy Sereens TURHUPLIMP 5YSTEM - SENSOR SYSTEM. UMLIKE REDUNDARCY
A Pass - Hedurdant hardviare ilems ara capable of chechout dunng romme greund temarqynd
B Pasgs - Loss of a redundant lardware #2res 15 delectab e during fight.
C: Pass -1 ara of redurdand hardwane ferrs could mot result from a tingle ¢redble event.
] Fail.re ragulls in reduced Iurbopamp avtpul and ratar unkalance. Excessive turbine discharge temperalure will Cause 3 redlina shutdown, iR
4.1 Ki=sicn abort if detecled oy rediine. Loss of wahicle due to HPFTP turbing failura may resull of fot detected. ME-C15,M
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SSME FMEA/CIL

DESIGN
Companent Group: Fuel Turbapumpe Prapared: . Early
CIL tam: B2in-10 Appreved: T. Hguyen
Companant: High Pressura Fuel Turbopump ' Approval bate: 4121598
Part Humber: RSO0TE0T Change #: 1
Fallure Mode: Lesa of Impellar ead rise. Directive §- CCHOD MEY-O1-5206

FPapa: 1of 1

Creign f Document Reference

FAILURE CAUSE: A Fracture, distortion of lmpeller vane,
B: Fracture, dlstortion of impeilar ehrood.

THE THREE IMPELLERS (1) (2) 131 ARE MANUFACTUREQ UTILIZING A TITANIUM 5A°-2.557 [ELI) FORGING  TITANIUM WAS SELEGTED FOR TS STRENGTH, TOUSHNESS, FATIGUE
PROPERTIES, AND (TS INSENSH f#t] ¥ TO HYDROGEN ENVIRONMENT EMBRITTLEMENT AT OPERATING TEMPERATURES (4], THE MATERIAL |S ANNEALED T0 IMPROVE MEGH: MICAL
PROFERTIES GRAN DIRECTION 15 SPECIFIED BY DRAVING REQUIREMENTS TO AGHIEVE MAXIMUN MATERIAL PROPERTIES IN THE DIRECTION OF THE { KoHEST LOADS, THE 3
IMPELLERS PRODUCE THE REQUIRED HEAD RISE TO PROVIDE CODLANT FOR THE MAIN COMBUSTION CHAMBER, AND IMAIN NGZZLE, AND FUEL TO THE PREBURNERS. EACH
IMPELLER IS 51 IROUDED AND HAS @ FULL, § LONG PARTIAL, AND 12 SHOK | PARTIAL VANES THE VANE FILLETS ARE RADIUSED TO ELIMIMATE STRESS RISCRS. LABYRINTHS N
THE FRONT ANO REAR SHROLIDS OF THE FIRST- AND SECOND-STAGES AND FRONT SHROUD OF THE THIRD-STAGE MATE WTH NON-ROTATING SEALS 10 CONTROL PARASITIC
LEAKAGE FLDW. BLEED HOLES IN THE HUBS ALLUW DOWNSTREAM LEAKAGE FLOW TO RETURN TO THE IMPELLER INLETS TO AID THE AXIAL THRUST CONTROL RECIRCULATION
FLOV THROUGH THE FIRST-STAGE 15 USED TQ COOL TIIE PUMP BEARINGS. RECIRCULATION FLOVY IN THE THIRD-STAGE IS SPUIT GFF BETWEEN THE BALANCE PISTON AND THE
TURBINE COULANT. TORGUE IS TRANSIITTED TO THE INPELLERS BY A SPLINED SLEEVE., BAKED ON DRY FILM LUBRICANT IS APPLIED TG THE SLINGER 10 FREVENT FRETTING
BETWEEN THE SLINGER FAGE AND THE IMPELLER HUB. THE CORNER EDGE BREAK AN SURFACE FINISH ARF TIGHTLY CONTROLLED TO ELEANATE STRESS CONCENTRATIONS.
EAGH IMPELLER IS INDIMIDLAIL ¥ SPUN PER DRAWING REQUIREMENTS AS FART OF THE MANUTAGTURING PROCESS T0 VERIFY ITS STRUCTURAL INTEGRITY. MATERIAL 18
REMCVED FROM CONTROLLED AREAS OF THE FRONT AND REAR SHROUDS FOR ROTOR BALANCING (5). THE HIGH AN LOW CYCLE FATIGUE LIFE OF THE SECOND STAGE

I1EFI LER MEETS CE| REQUIREMENTS ¢§). THE FIRST STAGE IMPELLER IS LIFC LIMITED BY MAJOR WAIVER (131, THE MINIMILI FACTORS OF SAFETY FOR THE IMPELLEAS MEET
CEI REQUIRERENTS (7). THE FIRST, SECONG, AND THIRD-STAGE IMPELLERS PARENT MATERIAL WAS CLEARED FOR FRACTURE MECHANICSINDE FLAYY GROWTH BY CRITICAL
RITIAL FLAYY SIZE DETECTABILITY {8). THE FACTCR OF BAFETY ON BURST HAS BEEN DEMONSTRATED BY DESIGN VERIFICATION TESTS (9). THE ROTATING ASSEMALY HAS BEEN
DESIGN VERIFICATION TESTEL FOR SPRING RATE {LOAD DEFLECTIGN) AND NATURAL FREQUENCY (VIBRATION) DETERMINATICN {10), THE CONTROLLER SOFTYARE IS
CONFIZURED TG DETEST AND RESPORD PROPERLY TO THE FALURES IDENTIFIED AND COMIMND A SAFE ENGINE STATE (#1). REUSE OF PARTS DLRING OVERIIALL |5
CONIROLLED 8Y THE REQUIREMENTE OF THE DVERHAUL SPECIFICATION (12).

(7] ROO159226; 2) RS0DFSES, (1) RSOOTESK: (4) RSE-A5&014; (4] RLOOGTS (6} RLOOS3Z, CPI2CRO0NIE; (7Y RS5-8545.16, GPIZOROO0OGE: {B) MASA TASK 11T @) RE5-404-38; 13
RG5-404-37; (1} CPY0BROMAZ PT 1 3 2.%;5,3; (12 RLINS2E; §13) DAR 1693
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SSME FMEA/CIL

INSPECTION AND TEST

Companer Graup: Fuel Turbopum ps Praparad: D. Early

CIL Irem: B200-10 Approvad: T. Nguyen

Component: High Pressure Fuel Turbopump Approval Date; 4121145

Fart Number; RE0OTEM Change &= 1

Failure Mecde: Loss of impeller head risa. Clirective & CLBD ME3DI-R2E

Page: 1af 2
Fail.re Causes Swnilicant Chamcteststics Inspactoms) f Tesi(s Dacument Relerence

L & FIRST-STAGE SIFELLER ROO15228
BECCNM-STAGE IMPRELLER RE00TS55
THIRD-STAGE IMPELLER REDOTS5E
MATCRIAL INTEGRITY MATERIAL INTEGRITY I3 VERIFIED FER SPECIFICATION REGUIREMENTS. RBO 70-152

THE FORGIMNG |5 PENETRANT AND UL IRASCMIC INSPECTED PER SPECIFICATION REQUIREMENTS. RAI{153-118

RAO115-032
THE FORGINGS GRAIN DIRECTION |5 VERIFIED PER DRAWING PEQUIREMENTS RE00] 586
THE IMPELLER 5FIN TEST YERIFIES MAXIMUR GROWTH PER DRAWING AND SPECIFIGATION RO 9226
REQUIREMENTS. RE07 555
RS 556
RLOGGTS
THE iMPELLER 15 PENETRANT INSPECTED AFTER THE SPIN TEST PER SPECIFICATION RAOQ1 E-11E
REQUIREMENTS.
ASEEMBLY INTEGRITY SPLINE MEASUREMENTS ARE VERIFIED PER DRAWING AND SFECIFICATION REQUIREMENTS. ROGTIZ26
RE00TEES
R30075EG
RAD115-142

VANE RADI AND COORDINATE MEASUREMENTS ARE VERIFIED FER DRAMING HEQUREMENTS. RO0 933

RS00TS55

I RS007556
SULNGER DRY FILM LUBE I§ VERIFIED PER SPECIFIGATION REQUIREMENTS. RAQH2-003
SLINGER IE BUFNISHED PER SFECIFICATION REQUIREMENTS. RAM12-007

SLINGER |5 VERIFIED A5 BOTTTOMED PER SPECIFICATHIN REQUIREMENTS. Bl anaed



gs -4

- PP PO R TE

, C e Prepared: Tt Early
CIL lem: Bznd-10 Appraved; T. Nguyen
Componel High Preazurg Fus) Turbopurmp Approval Dale: 4421799
Part Numier: R5047501 Chamge #; 1
Fallura Mode: Losa of [mpeller head rise. Directva #: CCBD ME3-01-5208
Page; 2ol 2

Falura Causes Signifizanl Characlenizl ¢5 Inspectan(s) f Tesl(g)| Brcument Belerence

AR AZSEMBLY INTECRITY SLIMNGER (5 VERIFIED AS BOTTTOMED [FER SPECIFICATIDON RECUIRENENTS.

ZURFACE FINISH

CLEANLINESS GF
COMPONENTS

HFF TR

ASSEMDLY INTEGRITY

IMPELLER CLORNEFR ECGE BEREAK, AND SURFACE FINIZH ARE VERIFIED PER DRAAYIHG
REQUIRMENTS.

COMPONENTS ARE WEKIFHED CLEAMED PER SPECIFICATION REQLIREMENTS.

COPERATIONPERFORMANCE |5 WVERIFIED BY ENGIME HOT-FIRE TESTING AND 2HE E & M TESTS ON
IMSPECTIONS.

IMPELLERS ARE INSPECTED DURING OVERHALL FER SPECIFICATION REQUIRFMENTE,

THE IMPELLER HUB AN BORE ARE VYISUALLY INSPECTED FER SPEGIFICATION REQLUIREMENTS A7
IMNTERWALS NEFINED BEY MAJCR WANER

SHAFT TRAVEL IS5 PERFORMED FRIOR TO EACH FLIGHT.

TORGUE CHECKS ARE PERFORMED PRIOR TO EACH FI IGHT

BATA FROM FREVIOUS FLIGHT OR HOT-FIRE 15 REVIEWED FOR PRAOPER TUREOPLIME
OPERATIEHLFERFORMANCE (LaST TEST)

Failure Higlary: Corrprehan sive failure history datz is maktained in the Problzm Reporiing dalabase [PRAMIPRALA)
Relerzroa: MASA leHar 242182308 and Aackeldyne lelter BAPCHETEL.

Opsialonal Lse: Mol Applicable.

RLODAST

ROO19225
RSMTESS
RE@ITIS6

FeL 10001

R3007501

FLUCDG0H0
RLOGDEE-08
RLQGOSEDT
RLOC4E1

RF00D4-302

RFO004-302
DAR 2051

OMRSD wHBSEDZ0

MGFC PLH 1228
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Componant Group:

Itern Mamma:
llem Number:; =1
Part Humber: RIHTE01

Fuel Turbopnm ps
High Fressure Fuel Tyrbopamp

SSME FMEAICIL
FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Pragerad:
Approved:
Appravval Dam:
Change g:
DOlrective &;
Page;

D. Early

T. Kguyan

202

2

CCBO ME3-11-52G8

1of 2

Basze Line Ralionale

VYenanca

Crange Rationale

Varignl Dash Murmber

1. HIOD-15 REOOFA0E CAUSE A
B220-24; REI07005; CALISE A

THF IMMFER AND OUTER BE&LRIMG
RACES ARE EDOY CURRFMT
INSPECTED PER BLIO M2,

2 B2I0-13 RSOGTSZ7, ASMTSIZ,
CAJSE AL B. B2OG-JE;

RE0CTE32 CALUSE B. OIFFUSER
HIDNDFN SURFACES ARE
FEMETRANT INSPECTED PER
RLO0343,

3 BrDOG14 CAUSE A, RSO0TAGE
B200-21 CAUSE B, R3007563
R200-26 CALSE A, RE007SER
WELD JOUNTS RS007TER: TABLE
E20Q HRFIP FMEA/CIL WELD
JOINTS RECU 68 HOLSING
CURRENT COMFIGURATION |5
FHE GMETI PICCE "-112° CAp,
USIMNG FOUR [y WELDS AND
FI¥JR [4) WFI I MUMABZARS

4 BAOD-0Z; CAUISE A, RSCD7524
CAUSE B, RS00753; CAUSE C,
R5 007 R74

BEARING RACES RECEIVED
FROM SLPFLIER SPLIT BALL
HEARING INCORPORATED
FRECEIVED MO GENFRAL EDOY
CURRENT INSPECTICN

SCME DIFFUSERS fMdAY NGT
RECENVE THE POST FROOF TEST
HIDDEN SURFACE ()3
PENETRAMT MSPECTION

SOME HOUSINGS [POSSIBLY
TWUl) fAY HAVE BEEN
FABRICATED "1 TH THE TWD |2
FIECE 113" CAPS (THIS HAS AN
EXTRA WELD: %13 AMD THREE
FXTRAWELD MUMBERS 13, 68 &
63

E£0ME TURBIMNE BEARING
SUPFORTS {R50D7524) ARE
FABRICATED LSRG A
VUELOMENT OF HAYFS 188
ZHEET METAL INSTEAD QF THE
EOM FORGIMNG.

GENERAL EDDY CURRENT INSPECTION OF RACES REPLACES TYPE W2 1M
FEMETRANT INSPECTIOM N DETECTING SURFACGE FLAWSE

USE AS I3 AATIOMALE:

1. RACES SUPPLIED BY SPLIT BALL BEARING INCORPORATED RECEIVED 10X
WISUAL AND TYPE IWC PENETHANT INSPECTION IMSTEAD OF GEMERAL EQDY
CURRENT INSFECTION. FLAW DETECTABLITY RELIABILITY LEVELS RETWEEM
PENETRANT ANMD GENERAL EDDY CURRENT INSPECTIONS &RE G050 AND
0.057 RESFECTIVELTY.

LEE AS 15 RATIOMNALE

1 IMPLEMEMTATION OF HIDDEM SURFACE INSPECTION REQUIREMENT 12
NOT A RESULT OF AN OBSERVED HARDWARE ANACMELY BUT A5 & RESULT
OF ROCKETEYRE'S STAMD DLAUN,

SEE DAR 2745 FOR
VARIANT PART
SERIAL HUMBERS.

5EE DAR 2751 FQR
VARIANT PART
BERIAL NUMBERS

TO REDUCE CONFUSION ON THE DRAMING AND ON THE MAMUFAD TURING SEE MCH 2524,

FLOOR

hIGH CYCGLE FATIGUE INDUGED [NLET SHEET METAL CRACKS 00 DCCUR
FROM THE CPERATIOMAL EMVIROMMENT EXFERIENCED DURING ENGINE
DPERATION. THE CRACKING IS CONTRDL | ED PER THE REQUIREMENTE .OF
THE SHEET METAL INSPECTION SPECIFICATION (RLIOGSE) YVWHICH LIMITS THE
CRACHING LEMGTH, SPACING, AND SHARE, TO PRECLUDE SHEET METAL
FIECES FROM DISLODOING. THE CRITERIA IS BASED 0N CRACK GROWTH
FATES AND ENGINE TEST EXPERIEMCE. ANY CRACHS, WHICH EXCEED THE |
SPECIFICATION LIMITS, ARE WELD REPAIRED IRFOH)T-007). THE TURBINE
BEARIMNG SUPPQRT WITH WELDED S1EET METAL IS LIFE LIMITED BY MAJORH
WIAIVER DT 2773,

SAME -113 DASH
NLEER.

RE0GTE24-201 AMD

SLBS.
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LS AP LTS Sarg Fuel Turh LY P Prepa red: . E.-qu:.r
Item Hameg: High Precsure Fuel Turnapomp Appraved: T. Nguyen
fem Yumber: EZ00 Apprayel Data: 4129699
Fart Mimher: RE007501 Chanpe a: s
Diraciive &: CLBD ME3-01-5206
Fage: 2of 2
Baso Lime Ratinnale Varianoe Change Ralionale Yariant Dash Bumber
5 B:lO-15 CAUSE A B200-17 SOME LIFT-OFF SEAL HOUSIMG LEWY CYGLE FATIGUE CRAGKING HAS EEEM OBSERVEN [N THE PLIA WELD, RO S2:0-07 AND
CALISE A BELN-1A CALIRF A, DA LINES SRE FAERICATED CRACK INITIWTION AND FPROPAGATHON DCCURS AT SHUTDOWNCOOLDOWN SUBS.
B2051% CAUSE A, B200-22; USING INTERSECTING LINE Al L UNITS RECEIVE A STANDARD POST FLIGHT INSPECTIONS BY LEAK
CAUNSEARCE BRILLED HOLES THE HGELE CHEZK. LEAK CHECK POST FLIGHT VILL DETECT A CRAGK PRIDR TO

THAI INTERZECTS THE CUTSIDE
DIAMETER OF THE HOUSING
FLAMGE HAS & PLLMG
IMSTALLED. THE PLUS 1S THEM
WELDED AT THE HDUSIHNG
OUTSIOE DIAMETER TO FORM A
TIGHT GAS SEAL

RFFLIGHT. POST LEAKAGE AT THE DRAIM LINE ¥ LIMITED TO 10 SCIM. ALL
FLIGHT LIHITS WWALL SONWTINUE TC RECEIVE A LEAK CHECK POST FLIGHT FOR
THE ORAIN LINE PLUG WELD UNITL THE ENTIRE FLEET 12 RETROFIT "WITH THE
EDR DRAIN LINE CONFIGURATION
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SSME FMEA/CIL
WELD JOINTS

Companent Group: Fuoel Turbopumpa Propared: D. Early
CIL Itam: B200 Appraved: T. Nguyean
Companenl: High Pressure Fog| Turbopump Appraval Date; 421,90
#aH Humber: RS00T 501 Change 3: 2
Directive & CCA0 MED-01-5206
Fage; 1of 3
Cr ticat Inilial

Raat  Flawe Size Mot
Side Mot Deleclable

Cemaponent Basie Part Nomber Weld Mumaer Wekd Type  Class Atcess HOF  LCF Lommenls

SlIELD RAGT2171 1.24, 28-82  GTAW I X

SHIELD RoO121n . GTAW n

LIFT-GFF SEAL RON15230 1,2 GTaw I X

SHIELD ROOTO7ER 25 0B GTAW H

SHIELD ROa147e8 27 50 GTAMY n ES

SHIELD RAD{TES E1, 52 GTaw 1

EHIFID ROGI97 88 55 55 GTAW 1l

BELLOWNS RELLF 505 1-4 GTANY 1 X

BELL Oz REAQT505 5,5 Efnnr | x

INLET R3007512 4 GTAW I X

INLET REMTEZ 36 GTawr !

INLET REMOTI12 012,13 GTAW |

IMLET REMITE12 i EBVY i

IMLET REOOFS12 14 15 STAa |

INLET REI0TE12 1B GTAaMY I x

BFARING SUFFORT RS a4 14 EBWY I

BEARIMG SUFPORT R5007524 18 EBv I X

BEARIMNG SUFPORT R30074524 29, 20 GTARY I X X

BEAR NG SUPPCRT R3007524 1B GTAWY I X

BEARMG 5PPORT REDOTEDL 115 121 oLy I

BEARING 5LIFPORT RSLOTE24 |28 GTAW I X

EFARING SLFPFORT REQOTE2 228-c11 GTAW ] x

HOUSIMG R SODTsGA 7823, GTAWN I X X x :
228 330 p
FOH

HIHISING RE007 565 4 GTAw I

HSUSING RE00Q7 568 48 EB I X X X

HOUSING K30075SER 43 GTaw I b

HGUSING R&E00753R 5" araw ] X X

HULEIMNG RECNY56E 52 GTAN [} K

RO JSIMG HSCo7RE4 1 EEY 1
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Lampanent Group: Fuel Turbopumps Fraparad; D. Early
CIL ain: B.ZEII:I Approved; T. Mouyen
Componen|; High Fressuna Fual Turbopump Approvat Data: 4021798
Part Number: REDITSM Change #: 2
Blrechve #: CCED ME-01-5205
Paga: 2of 1]
Criticar nitlal
Ragt  Flaw Size Mot
Bide Mar  Detectable

Carnpon end Basic Pl Mumbear Wekd Mumber Weld Type  Clasg dccess HCF  LGF Camments
HOUSIMG RE0G6 T46A 55 alc L ] }-{
ROUSING RE0NTEE 36 OTAW ] R
HOLIS NG RI007ESY OF, 324 325 GTAW It
HOLUIGING RIOO75E8 & ETALY M X x X
HOUSHHG RSO0Q75E8 50 EBWY I
HOUSING RS0LOFEaE 14,229, 297 GTAW 1 X X x
HNOUSING RSCOT6S 76,77 GTaWY I X
HOUSIHG RS040 7564 T.EO GTAW I X
HOUSIN G REA07553 20-101 GTawW 1l x
HCLUSING RENCTSER 10z GTAWS 1 X
HOLISING REM TEEA 123 GTAW n x
HOUSING REMTELS 140 GTAW " X
HOLIRING RS0O7ESR 133, 154 CTa N E
HOUIS G REHITS5E 174a-185 GTAW Il X
HEOLSING R2207554 181 192 GTAWY ] X x

195 106

£245, 455

45E
HOLSING RENI7TSES 153, 244, GTAW I ES

15/-402

24-J07
HOUISING RESBOPEEH 03, 17, GTAW 1 X X

214, 234,

235
ADUEING REDOTS5E 21z, i3 GTAMY I
HOUZING RZI0756A s 215 GTAMY n X
HOUSING RS0LT5ER 222, 139 GTAMY ! x .
HOUSIMNG RSCI7HGA 224, 225 GTAW | 4 X 1
FOUSING RE007 563 226, 227 CTaN I ]
HOUSING RE007 5656 231, 137 GTaln I X X
HOHPSING RE0DNTEER 231 GTAaN li bt
HOUZIMG REDOTIES 237 234 GTAN |
HOUZING RECOT558 AG-2408 GTAVY Ml
HOLSING AEI0TI5E Jeh-344 GTAV ] |
HOUSING REA0TSHE3 37e-3497 GTANY ] X
HOUS MG R S0CTSEE KL GTAW | x x X

i



